Purpose Individuals diagnosed with cancer close to death have low access to enrollment in palliative care programs. The purpose of this literature review was to assess the usefulness of pre-diagnostic comorbidity and healthcare utilization as indicators of late-stage colorectal cancer (CRC) diagnosis, to help with early identification of individuals who may benefit from palliative care. Methods A literature search was conducted in relevant databases using title/abstract terms which included ''cancer,'' ''stage,'' ''diagnosis,'' ''determinants,'' ''predictors,'' and ''associated.'' Included studies examined whether comorbidity and/or healthcare utilization had an impact on the stage at which CRC was diagnosed. A standardized data abstraction form was used to assess the eligibility of each study. Thirteen articles were included in the literature review. These studies were assessed and synthesized using qualitative methodology. Results We found much heterogeneity among study variables. The findings of this literature review point to the presence of comorbidity and non-emergent healthcare utilization as having no association with late-stage diagnosis. Conversely, emergency room presentation (ERP) was associated with late-stage diagnosis. Conclusions The results of this literature review did not find strong evidence to suggest that comorbidity and healthcare utilization are potential indicators of late-stage diagnosis. However, ERP may be useful as a flag for consideration of prompt referral to palliative care. Additional research is required to identify potential indicators of late-stage diagnosis that may be available in administrative databases, particularly in the area of healthcare utilization.
Introduction
In Canada, colorectal cancer (CRC) has the second and third highest cancer-related mortality rates for men and women, respectively [1] . Across Canada, the 5-year relative survival of CRC is 63% [1] . The most important prognostic factor in both colon and rectal cancer is stage at diagnosis, with 5-year survival decreasing with increasing stage. While national stage distribution data are limited, data from several provinces indicate that approximately 20% of CRC cases in Canada are diagnosed at Stage IV [1] , when treatment with curative intent is no longer a viable option.
Individuals diagnosed with late-stage CRC may benefit from timely enrollment in a palliative care program. By focusing on pain and symptom management, providing psychological and spiritual support, assisting patients in living as actively as possible until death, and offering support to the family, palliative care aims to improve the quality of life for families and patients [2] . The importance of the role of palliative care is reflected in the use of enrollment in a palliative care program as a quality indicator with enrollment near death reflecting poor quality of care [3, 4] . Unfortunately, our research has shown that persons who are diagnosed close to death are at increased risk of not accessing a palliative care program [5, 6] .
By identifying factors present prior to diagnosis that are potentially associated with late-stage CRC diagnosis, the individuals affected could be targeted for a palliative care consultation upon diagnosis. Comorbidity and healthcare utilization are two factors that may be useful as potential indicators, or ''flags,'' due to their availability in administrative data and possible association with the timeliness of a CRC diagnosis.
Two conflicting theories exist as to whether individuals with comorbid conditions are more or less likely to have their cancer detected at an early stage. One theory hypothesizes that those with comorbid conditions may be diagnosed at an earlier stage because of increased contact with the healthcare system due to care related to their comorbidity [7] . Conversely, the competing demands model suggests that comorbid disease may shift healthcare workers' attention away from early symptoms of CRC, which may result in a later stage at diagnosis [8] . Central to both of these ideas is the assumption that patients with comorbidities have contact with the healthcare system (i.e., access to care). Based on Fienstein's theory [7] , increased contact with the healthcare system would result in diagnosis at an earlier stage, regardless of the presence of comorbidity. As such, a separate exploration of the relationship between healthcare utilization and stage at diagnosis is warranted.
The purpose of this literature review was to assess the usefulness of pre-diagnostic comorbidity and healthcare utilization as indicators of late-stage CRC diagnosis, to help with early identification of individuals who may benefit from palliative care. Thus, we sought to identify and synthesize evidence surrounding whether the presence of comorbid conditions and healthcare utilization prior to diagnosis has an impact on CRC stage at diagnosis, and to identify gaps within the literature that may warrant further investigation.
Methods
The PubMed, EMBASE, and CINAHL electronic databases were searched using title/abstract terms which included ''cancer,'' ''stage,'' ''diagnosis,'' ''determinants,'' ''predictors,'' and ''associated.'' The complete search strategy implemented for each database is available in ''Appendix.'' The search was current to May 2010. No limitations were placed on publication date or language. Reviews (both systematic and narrative) as well as original studies were eligible for inclusion. Editorials, letters, notes, and similar publication types were excluded. Additional articles were identified through searching reference lists of the retrieved full-text articles.
After deduplication, articles were first screened by title and subsequently by abstract, removing irrelevant entries at each step. Remaining full-text articles were retrieved and assessed for eligibility using several selection criteria. The first selection criterion was whether the study had examined whether comorbidity and/or healthcare utilization had an impact on the stage at which CRC was diagnosed. The second selection criterion was that exposure (i.e., the presence of comorbidity and healthcare utilization) must have been measured prior to diagnosis; studies that determined exposure status after the CRC diagnosis were excluded. Finally, studies must have reported the effect of exposure on the outcome of interest (stage at diagnosis) specifically for CRC patients. If a study's population contained a heterogeneous mixture of cancer diagnoses, stage at diagnosis must have been reported specifically for CRC patients. If outcomes were only presented for multiple cancer types, the study was excluded.
A standardized data abstraction form was used to assess the eligibility of each study according to the above selection criteria. Data abstracted from each study included location, study design, data source, study population, definition of early/advanced stage, and the effect of each predictor. Included studies were assessed and synthesized using qualitative methodology. Quantitative synthesis was not performed due to excessive heterogeneity present in the classification of both the exposure and outcome variables in all included studies.
Results
The search strategy retrieved 3,029 unique articles (Fig. 1) . Fifty-nine full-text articles were identified as potentially relevant, and 6 additional studies were identified through searching reference lists of full-text articles. Ultimately, 13 studies met the inclusion criteria.
Within the 13 identified studies, nine studies reported on the effect of comorbidity on stage at diagnosis [9] [10] [11] [12] [13] [14] [15] [16] [17] , and five studies reported on healthcare utilization prior to diagnosis and its effect on stage at diagnosis [13, [18] [19] [20] [21] . Full details of study selection, including reasons for exclusion of studies, can be seen below in Fig. 1 .
Complete details of each included study (study location, study subjects, methods, data source, definition of early/ late-stage cancer, and predictors of stage at diagnosis) are available in Table 1 . Only one study reported outcomes specifically for colon cancer [13] , the other 12 studies grouped colon and rectal cancer. Measurement of both exposure (comorbidity and healthcare utilization) and outcome (CRC stage at diagnosis) varied greatly among the identified literature.
Comorbidity
There were two methods used to assess the presence of comorbidity in identified literature. Several studies used a summary measure (e.g., Charlson's Comorbidity Index [22] , modified Charlson's Comorbidity Index, or Adult Comorbidity Evaluation [23]) to assess comorbidity level. These studies measured comorbidity in terms of presence or absence, or by categorizing the number of comorbid conditions (e.g., 0-1, 2-3, C4). Studies also identified patients with a specific comorbid condition (e.g., previous cancer diagnosis, type 2 diabetes mellitus [T2DM]) and compared these patients to controls without the specific comorbid condition. The impact of comorbidity on stage at CRC diagnosis is summarized in Table 2 .
When comorbidity was determined using a summary measure, the presence of comorbidity was associated with a later stage of CRC diagnosis in one study [11] and had no effect on CRC stage at diagnosis in two studies [10, 15] as well as no effect in identified subgroups in two studies: the male cohort in one [12] and a cohort of fee-for-service patients in the other (compared to a cohort from the Veterans Health Administration) [17] . Comorbidity was associated with an earlier stage of CRC at diagnosis in one study [13] , and the subgroups in two studies: the female cohort in one study [12] and a cohort of patients from the Veteran's Health Administration [17] .
When individual comorbid diseases were considered, one study found that well-controlled T2DM (HbA1c \ 7.5%) was not associated with CRC stage at diagnosis; however, poorly controlled T2DM (HbA1c C 7.5%) was associated with a later stage at diagnosis [16] . Other studies found that self-reported diabetes and a prior cancer diagnosis (non-CRC) were associated with an earlier stage of CRC at diagnosis [9, 14] .
Healthcare utilization
Five studies were identified surrounding healthcare utilization and its effects on stage at diagnosis. As only one study was identified which contained a direct measure of healthcare utilization (i.e., frequency of visits), we adopted the use of several proxy measures that may be indicative of healthcare utilization (the studies are summarized in Table 3 ). Specifically, we included measures related to having a usual source of care, physician supply, and emergency room (ER) presentation (ERP). While having a usual source of care does not necessarily correlate with regular interaction with the healthcare system [24] , it may be assumed that an individual with a usual healthcare provider can more readily access services when needed. As indicated in the literature [25, 26] , we expected increased regional physician supply to improve access to care and subsequently allow increased contact with the healthcare system. In relation, it has been demonstrated that ER services are used by individuals who have difficulty accessing other sources of care, many of whom do not have a primary care physician [27] .
In this review, we found one study wherein having a usual source of care (self-reported as having a clinic, physician's office, etc.) was significantly associated with a decreased likelihood of late-stage diagnosis (OR: 0.4, 95% CI: 0.2-0.6) [18] . Similarly, another study reported that an increasing number of physician visits 2-24 months prior to diagnosis was significantly associated with earlier stage CRC diagnosis (p \ 0.001) [13] .
One study examined the effects of regional physician supply (determined through physician/population ratio of adjacent postal codes) and stage of diagnosis of CRC [21] . It was found that combined physician supply (primary care physicians plus specialists, measured in deciles) did not have an impact on stage at diagnosis; however, when primary care physicians and specialists were analyzed separately, opposing trends were seen. Increasing supply of primary care physicians was associated with a decreased likelihood of late-stage diagnosis (OR: 0.95, 95% CI: Highlighted rows correspond to studies where specific comorbidities were examined [19, 20] . Polednak [20] found that patients with ERP were more likely to be diagnosed with distant stage (OR: 2.05, 95% CI: 1.82-2.30). Similarly, Mitchell et al. [19] found that stage at diagnosis differed significantly between those diagnosed during an emergency resection (i.e., ERP) and those who received an elective resection (p \ 0.001). Specifically, a higher percentage of patients with ERP received a Stage IV CRC diagnosis (21.3% vs. 10.4%), while a higher percentage of patients who had elective resections were diagnosed with Stage I PC (26.3% vs. 6.5%).
Discussion
This study sought to synthesize evidence on the impact of pre-diagnostic comorbid conditions and healthcare utilization on CRC stage at diagnosis, and to identify gaps in the existing literature. These factors were initially identified as being potential ''flags'' for late-stage diagnosis that are available from administrative databases. Despite the large number of studies identified in our initial search, few actually assessed the impact of comorbidity or healthcare utilization on stage of diagnosis. Nonetheless, the findings of this review point to the presence of comorbidity as either having no impact on stage of CRC diagnosis or resulting in an earlier stage of CRC diagnosis. We also found several studies indicating that increased (non-emergent) healthcare utilization prior to diagnosis results in an earlier stage at diagnosis. While the impact of comorbidity and healthcare utilization appears to provide some support to the theory presented by Feinstein [7] that earlier stage disease will be found in those with comorbid conditions due to increased contact with healthcare providers, one limitation of the identified literature is that none of the identified studies employed rigorous methodology to examine the potential effect of comorbidity on healthcare utilization, or vice versa. This may warrant investigation given that healthcare utilization varies with number and type of comorbidities [28, 29] . While one study examined the impact of both comorbidity and healthcare utilization on CRC stage at diagnosis, it examined only the univariate impact of each of these factors on stage at diagnosis and did not explore the relationship between comorbidity and healthcare utilization [13] . Furthermore, associations with comorbidity and healthcare utilization may relate to specific components rather summary measures of these concepts.
Siddiqui et al. [16] provide some insight into the interrelation of comorbidity and healthcare utilization through their study of CRC patients with T2DM. Their study examined both the presence and severity of T2DM and found that in those with poorly controlled diabetes (HbA1c C 7.5%), CRC tended to be diagnosed at a later stage in comparison with those with well-managed diabetes (HbA1c \ 7.5%). It is possible that for those with poorly controlled diabetes, medical care is focused on the management of diabetes and complications related to high blood glucose, which can be quite severe (i.e., neuropathy, infection, nephropathy, eye damage, etc.), rather than on other medical (preventative or symptomatic) concerns. It is also possible that diabetics who do not have the behavioral capability to control their diabetes may not seek screening or visit their physician regarding potential CRC symptoms. In essence, the late-stage diagnosis for individuals with poorly controlled T2DM may rest just as likely with the behavior of the patient as with the provider. But in either case, ensuring the timeliness of the care is important, especially palliative care for late-stage CRC.
Our assessment of the independent effect of healthcare utilization on stage at diagnosis was challenging due to a lack of studies containing direct measures of healthcare utilization, requiring the inclusion of several proxy measures. A lower frequency of physician visits, not having a usual source of care, and decreased primary care physician supply were all associated with later stage at diagnosis. Assuming that increased access to care (having a usual source of care, increased supply of primary care physicians) translates into increased contact with the healthcare system, there are several mechanisms by which earlier diagnosis may occur. Frequent visits to a healthcare provider for persistent issues may prompt referral for definitive diagnostic testing. The literature has also shown that increased contact with the healthcare system (i.e., receiving a regular checkup [30] , and increased frequency of physician visits [31] ) is associated with increased uptake of CRC screening, suggesting that individuals who have increased contact with healthcare professionals have an increased propensity toward screening (i.e., through increased awareness/opportunity, physician influence, increased awareness, etc.).
In contrast, increased specialist supply was associated with an increased likelihood of late-stage diagnosis. Roetzheim et al. [21] discounted several potential explanations for this finding, including referral patterns (as location of residence, not location of treatment, was used) or any measured confounders (multivariate adjustment was used). We can hypothesize that the difference between primary and specialist care may be a result of the longitudinal relationship between the patient and their primary care provider, as well as the fact that the primary care provider is committed to all of the health risks for a patient, whereas the specialist is focused on fewer aspects of the patient's health. It is worth noting that an increased supply of primary care physicians has been associated with better health outcomes in other studies of primary care-rich health service environments [32] .
The finding that ERP was associated with late-stage diagnosis in two studies [19, 20] lends support to its use as a ''flag'' for identifying individuals who may benefit from palliative care. These individuals may have been unable to access other health services (i.e., screening or primary care) earlier in their disease trajectory. Han et al. [27] surveyed ER visitors and found that one-fifth of visitors had no primary care physician, and that many had tried to access alternative sources of care prior to visiting the ER. Thus, for some, the ER may be seen as the only option, or last resort, for medical care. Alternatively, ERP may be a consequence of underlying disease symptomatology; acute symptoms, often with large primary tumors, may be more likely to cause a patient to seek urgent care via the emergency department (e.g., profuse rectal bleeding).
Our review has several limitations. First, our study does not present a quantitative estimate of effect. However, not all scientific evidence is necessarily synthesizable in a quantitative manner. We chose to conduct a narrative literature review with a systematic search strategy as opposed to a full systematic review and meta-analysis because much of the identified literature contained extremely heterogeneous definitions of both the exposure and outcome, and because there was an inadequate amount of homogeneous literature in order to calculate a meaningful quantitative estimate. Second, while we placed no limitations on study language, our search strategy was conducted using English terms so only articles with a translated title and/or abstract could have been captured for analysis. Thirdly, we used proxy measures of healthcare utilization; however, this was ultimately conducive to our overall goal of identifying those who may benefit from enrollment in a palliative care program. Finally, as most of the identified studies were conducted in the USA, and only three studies were conducted outside of the USA (two in Canada and one in the Netherlands), the results of this review are not uniformly generalizable.
Strengths of this study include the use of a rigorous, systematic, and well-documented search strategy to identify all relevant literature, and the use of systematic methods to abstract the data from identified studies. This review also summarizes factors related to CRC stage at diagnosis that, as far as we are aware, have not been the subject of prior reviews, systematic or otherwise.
Conclusions/suggestions for future research
The results of this literature review did not find strong evidence to suggest that comorbidity and healthcare utilization are potential indicators of late-stage diagnosis. Whether ERP is a measure of healthcare utilization, or an indicator of access to care, may be debated; nonetheless, it has been shown to be associated with late-stage diagnosis and may be useful as a flag for consideration of prompt referral to palliative care. Determining whether a person is ''close to death'' is difficult and may not be evident upon diagnosis. However, by identifying individuals who have predictive patterns of health services use, for example, and are diagnosed with Stage IV CRC, here may be the opportunity to improve patient care. Specifically, access to palliative care programs may be improved through targeted and timely palliative care consultations with patients and families.
Future research should include the validation of ERP as an indicator for identifying individuals who are at risk of not accessing or enrolling in a palliative care program. Additional research is required to investigate the relationship between healthcare utilization (i.e., measures of contact with the healthcare system) and stage at diagnosis. Other areas of future investigation include examining the relationship between comorbidity and healthcare utilization in respect to stage at diagnosis, as well as how specific comorbid conditions (e.g., congestive heart disease, renal failure, dementia, etc.), physician supply, and healthcare capacity (i.e., factors relating to access to care) impact stage at diagnosis. 
Appendix: Details of search strategy
Each term listed below was searched by title and/or abstract. Terms within each section were combined using brackets as well as the Boolean terms ''AND'' and ''OR'' where indicated. All three sections were then combined using the Boolean term ''AND'' to give the final search strategy. 
